Introduction: This study evaluates an insulin dose titration model and factors that impact insulin dose adjustment in Chinese adults with type-2 diabetes, who receive basal insulin in real-world settings. Material and methods: A total of 19,894 patients from the ORBIT study were included. These patients were divided into four groups, according to the type of insulin dose adjustment: no insulin titration (group A), self-titration (group B), physician-led insulin titration (group C), and combined physician and patient-led insulin titration (group D). Data were collected and compared at baseline and after six months of treatment. Results: A total of 12,865 patients completed the visits and were included in the analysis. Among these patients, 3187 (24.8%), 1971 (15.3%), 5165 (40.1%), and 2542 (19.8%) patients were included in groups A, B, C, and D, respectively. The multivariate logistic regression analysis revealed that the duration of diabetes, body mass index, microvascular complications, inpatient days, HbA1C level, and self-monitoring of blood glucose (SMBG) were positively correlated with insulin titration in group B, C, and D, compared with group A. The number of inpatient days and outpatient visits were positively correlated with dose adjustment for physician-led titration, while this was negatively correlated for self-titration. Self-titration encouraged by physicians and home blood glucose monitoring were positively correlated with self-titration and the combined physician and patient-led titration. Conclusions: High HbA1C level, SMBG, long disease duration, microvascular complications, and the encouragement of physicians while initiating insulin use prompt patients to perform dose adjustments in real-world settings. (Endokrynol Pol 2018; 69 (4): 395-402)
Introduction
T2DM is one of the most common diseases that endangers public health. A survey conducted by the World Health Organisation in 2011 revealed that the prevalence of diabetes worldwide was 346 million, and according to the International Diabetes Federation, this number is estimated to reach 552 million by 2030, globally. Furthermore, China has been reported to have the highest incidence of diabetes worldwide. In China, the morbidity rate among adult patients with T2DM is approximately 9.8%, in which 92.4 million adults suffer from the disease [1] . T2DM may lead to diabetes-related microvascular complications, which in turn play a major role in exacerbating macrovascular complications. The increasing prevalence of diabetes is expected to pose a heavy economic burden on society, and the adequate glycaemic control of diabetes patients has been shown to be effective in reducing the incidence of diabetesrelated complications, especially in the early stages of the disease [2] [3] [4] . Thus, several countries, including China, have published diabetes control guidelines that recommend the control of glycated haemoglobin (HbA1C) levels below 7% [5, 6] . Although significant advancements have been made in diabetes drug research in recent years, achieving and maintaining the goal of HbA1C < 7% remains challenging for healthcare providers and patients worldwide. A survey [7] conducted in the US revealed that the rate of achieving good glycaemic control in diabetes patients was 52.9%, while recent studies have shown that this rate was only 39.7% in China [8] .
The natural progression of the disease leads to the gradual regression of islet cell function, resulting in an increase in blood glucose. Therefore, to control the blood glucose below a standard level, exogenous insulin treatment is needed when oral medications fail to control the HbA1C level within the compliance range. Guidelines from different countries recommend the use of basal insulin in combination with oral antidiabetes drugs (OADs) to improve glycaemic control [6] . However, in clinical practice, introducing insulin treatment remains challenging. Studies [9, 10] have shown that, overall, 26.9-58.0% of patients across various countries are reluctant to accept insulin treatment, which interferes with the timely initiation of insulin treatment after the onset of hyperglycaemia. On the other hand, another important factor that affects glycaemic control is insulin dose adjustments following insulin treatment initiation. Numerous randomised, controlled clinical studies have confirmed the efficacy and safety of insulin treatment. However, these studies were conducted under the guidance and close observation of a physician. A study [11] conducted in China revealed that in clinical practice, only 27% of T2DM patients controlled their HbA1C below the normal range following insulin treatment initiation. However, at present, no study has assessed actual insulin dose adjustments and the factors that influence dose adjustment in Chinese patients with T2DM. The present study used data from the Observational Registry of Basal Insulin Treatment (ORBIT) study [12] , which includes a large sample size, in order to understand the present clinical practice of insulin dose adjustment following the initiation of insulin treatment. In addition, a dose titration model was applied to compare the differences in insulin dose adjustment across various groups at baseline and after six months of treatment. Also, factors that may affect insulin dose adjustment in this model were investigated.
Material and methods

Study objectives
The primary objective of this analysis was to understand the pattern of insulin dose adjustment following basal insulin initiation in clinical practice in T2DM patients using a dose titration model, and to explore the factors that influence insulin dose adjustment following basal insulin initiation in the real world.
Overall design and subjects
Data were collected from patients in the ORBIT study. All participants provided written, informed consent. A total of 19,894 T2DM patients with uncontrolled HbA1C on OADs started using long-acting formulations. These patients were divided into four groups, according to the type of insulin dose adjustment: no insulin titration (group A), self-led insulin titration (group B), physician-led insulin titration (group C), and combined physician and patient-led insulin titration (group D). Patients who stopped using insulin after the baseline visit and those who did not complete the follow-ups were excluded from the analysis. Data were recorded at baseline and at the follow-up visits after initiation of insulin treatment for a period of six months. Differences between the four groups were compared across the follow-up visits. Differences between the clinical data among different groups were also compared at baseline and after six months of treatment. In addition, each group was compared against the no-dose-adjustment group to explore the factors that influence insulin dose adjustment in patients.
Treatments
This was an observational study. None of the selected patients received basal insulin prior to enrolment. The selection of basal insulin formulations and dose adjustments were based on the physician's discretion and the patient's needs.
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Data collection and assessments
Data on baseline demographics, education level, diabetes duration, treatment settings (inpatient or outpatient), macrovascular complications, microvascular complications, and HbA1C level were collected. In addition, information on whether the patients performed the self-monitoring of blood glucose (SMBG) at baseline and after insulin treatment for six months, the frequency of SMBG, whether the physicians encouraged patients to adjust their insulin dose, outpatient visits and inpatient days, hypoglycaemia events, HbA1C level, and out-of-pocket costs were recorded, in order to analyse and compare the characteristics of the four dose-adjustment groups. Furthermore, the same information was also recorded during the follow-up visits to determine factors that influence patients to adjust their insulin dose.
Statistics
The study population included patients treated with basal insulin for six months. The characteristics were described for all participants, as well as for the individual groups. Continuous variables with normal distribution were summarised using descriptive statistics, and were presented as mean ± standard deviation (SD) values. Continuous variables of skewed distribution were reported as median and quartile. Discrete variables were presented as n (%). The statistical significance of differences between subpopulations was not reported because the sample was sufficiently large to establish significance. Multinomial logistic analyses were used to assess the independent associations in the insulin titration model.
Results
From December 2011 to June 2013, 19,894 patients with T2DM uncontrolled on OADs began receiving basal insulin [13] . Among these patients, 12,865 patients completed the visits and were included into the analysis. The average age of these patients was 55.7 ± 10.6 years, and 6829 (53.1%) of these patients were male. The average diabetes duration was 6.8 ± 5.3 years. Overall, 3187 (24.8%) patients had no insulin titration (group A), 1971 (15.3%) patients performed self-titration (group B), 5165 (40.1%) patients underwent physician-led insulin titration (group C), and 2542 (19.8%) patients underwent combined physician and patient-led insulin titration (group D). After six months of insulin treatment, 41.7% of patients achieved the target of HbA1C < 7%. Glycated haemoglobin decreased by 2.2%. Among these patients, 48.3%, 36.6%, 40.9%, and 38.8% were from group A, B, C, and D, and glycated haemoglobin decreased by 2.3%, 2.1%, 2.1%, 2.3%, respectively. Furthermore, fasting blood glucose was 7.4 ± 2.2, 8.0 ± 2.5, 7.7 ± 2.4, and 7.8 ± 2.4 mmol/L, while the frequency of hypoglycaemia was 0.2 ± 5.4, 3.2 ± 27.0, 1.8 ± 7.8, and 4.3 ± 12.4 events in groups A, B, C, and D, respectively. No significant difference was noted between groups with regard to severe hypoglycaemia events. Overall, 42.3%, 47.5%, 43.3%, and 49.3% of patients in group A, B, C, and D, respectively, performed home monitoring of blood glucose, and 23.0%, 14.0%, 41.4%, and 21.5% of patients in group A, B, C, and D, respectively, performed SMBG. The frequency of SMBG in group A, B, C, and D was 5.3 ± 10.4, 5.8 ± 11.7, 5.0 ± 9.5, and 5.3 ± 8.5 times during the six-month follow-up period, while the number of hospitalisation days was 0.5 ± 2.9, 0.6 ± 5.1, 0.9 ± 4.6, and 0.9 ± 4.1, respectively, and the number of clinic visits was 4.6 ± 4.2, 4.1 ± 4.2, 6.9 ± 5.5, and 6.2 ± 5.8, respectively. Table I summarises the baseline characteristics and demographics of patients in each group. Table II shows the efficacy and safety variables in the different titration groups.
Multinomial logistic regression analysis revealed that the duration of diabetes, body mass index (BMI), microvascular complications, inpatient treatment, HbA1C level, and SMBG at baseline were positively correlated with insulin titration (Table III) .
The number of inpatient days and outpatient visits were positively correlated with dose adjustment in group C but were negatively correlated with dose adjustment in group B. Prior insulin therapy was positively correlated with self-dose titration and combined physician and patient-led dose titration. Compared with group A, the educational degree of patients was negatively correlated with dose adjustment in group C and D, but was positively correlated with dose adjustment in group B. Initial insulin treatment at tertiary hospitals was positively correlated with dose adjustment in group C and D. Encouragement of self-titration by physicians and home blood glucose monitoring were positively correlated with self-titration and combined physician and patient-led titration. The multivariate logistic regression analysis revealed that the level of hospitals where patients started to use insulin, gender, OAD duration, and out-of-pocket costs were not correlated with insulin dose titration, compared with patients without insulin titration.
Discussion
In the present observational study conducted in a realworld clinical setting, after six months of basal insulin treatment, 3187 (24.8%) patients had no insulin titration (group A), 1971 (15.3%) patients performed self-titration (group B), 5165 (40.1%) patients underwent physicianled insulin titration (group C), and 2542 (19.8%) patients Basal insulin in Chinese T2DM patients Jing Chen et al.
underwent combined physician and patient-led insulin titration (group D). In group A 3187 (24.8%) patients did not adjust their insulin dose; the average age of these patients was higher compared to patients in groups B, C, and D. Patient age in the present study was negatively correlated with insulin dose adjustment. A possible reason is that elderly patients were afraid of the incidence of hypoglycaemia, which highlights the need to educate elderly patients on how to adjust insulin usage in order to acquire good glycaemic control and avoid hypoglycaemia. Furthermore, patients who received their first basal insulin treatment in an inpatient setting accounted for the highest proportion of patients in this group compared with groups B, C, and D. HbA1C and fasting plasma glucose levels were lower in this group. Elevated blood glucose level may be a key factor for insulin dose adjustment. The present study revealed that HbA1C level was positively correlated with insulin dose titration. A meta-analysis [14] also revealed that a positive relationship between baseline HbA1C and the magnitude of HbA1C change (which is an indicator of glucose control level) is a key factor for insulin dose adjustment. In addition, fewer patients were encouraged 
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to perform self-titration in this group; it is also one of the reasons of patients did not adjust insulin dose. The present study also revealed that the encouragement of doctors was positively correlated with insulin dose adjustment. A survey [15] conducted in China revealed that poor glucose control was partly correlated with a lack of diabetes education. The present study revealed that inpatient days and clinic visits were negatively correlated with self-titration. In group B, out-of-pocket costs were low, diabetes duration and OAD use were relatively longer, the rate of microvascular and macrovascular complications was low, and HbA1C control rate and hyperglycaemia and severe hyperglycaemia rates were similar to those in the other three groups. However, clinic visits and inpatient days were lower compared with the other three groups. This finding is inconsistent with the results of the present study, in which patients started using insulin under inpatient treatment settings because inpatient treatment costs can be reimbursed through the Chinese medical insurance system. Therefore, patients prefer starting insulin treatment in the ward instead of self-adjusting their insulin dose. Moreover, patients are sceptical regarding the safety of insulin adjustment when visiting clinics or when self-adjusting their insulin dose. Various randomised controlled studies [16] [17] [18] have shown that self-titration of insulin had similar efficacy to physician-led insulin titration. This suggests that it is necessary to instruct patients to conduct selfled insulin titration, which would further strengthen the patient's ability to manage their diabetes. In group B, more patients performed SMBG, compared to the other three groups. SMBG performance and higher frequency of SMBG had a positive effect on insulin dose adjustment in the present study.
Furthermore, in group C 5165 (40.1%) patients adopted physician-led insulin titration. The proportion of out-of-pocket costs and microvascular complications were higher in this group compared to the other three groups. Moreover, inpatient days and clinic visits were higher and SMBG frequency was lower in this group compared to the other three groups. The present study revealed that inpatient days and clinic visits were positively correlated with physician-led insulin dose adjustment, and microvascular complications were positively correlated with insulin dose titration in the present study, which suggests that patients with long-term diabetes and diabetes-related microvascular complications focus more on glucose management for physicians and patients.
Lastly, 2542 (19.8%) of patients adopted combined physician and patient-led insulin titration (group D). Patients who received their first basal insulin treatment in an outpatient setting accounted for the highest proportion of patients in this group. Patients in this group had the highest HbA1C level, glucose control level is a key factor for physician and patient to make insulin titration.
It is noteworthy that in the present study, HbA1C levels were reduced from 9.5% ± 2.0% to 7.4% ± 1.3%, with a mean reduction of 2.2% ± 2.0%. Overall, 41.7% of patients had HbA1C < 7%, of which 48.3%, 36.6%, 40.9%, and 38.8% of these patients were from group A, 
B, C, and D, respectively. A survey conducted in China [11] revealed that 34% of Chinese T2DM patients are treated with insulin. However, only 27% of these patients achieved the standard HbA1C of < 7%, with a mean disease duration of 3.7 years. In the present study, the average disease duration of patients was 6.5, 7.1, 6.8, and 6.9 years in group A, B, C, and D, respectively. One of the possible reasons for not achieving the standard HbA1C level was that patients started receiving insulin treatment a little late. Although the compliance rate of HbA1C was low, 24.8% of these patients did not adjust their insulin dose, and 15.3% of patients performed selftitration after six months of treatment in our study. The self-management of patients is essential for diabetes treatment and is highly recommended by guidelines worldwide. However, in real-world settings, the proportion of patients who did not adjust their insulin dose was high and the proportion of self-titration was low. Our study showed that fewer patients were encouraged to perform self-titration in the no-insulin-titration group. In clinical practice, physicians are required to fully understand the situation of patients receiving insulin for the first time and provide psychological counselling when necessary. This would help reduce the psychological burden of insulin treatment. In addition, physicians should encourage and instruct patients to adjust their insulin dose on their own to achieve better glycaemic control. The guidelines also recommend that, following the initiation of insulin therapy, physicians should positively encourage their patients to adjust their insulin dose, and should provide psychological counselling in order to encourage and teach patients to self-adjust their insulin dose. Furthermore, the present study also revealed that patients who owned a glucometer were more likely to perform insulin dose adjustment. SMBG performance and higher frequency of SMBG had a positive effect on insulin dose adjustment in the present study. Some studies [13, 19, 20] have assessed the effect of SMBG control on HbA1C in type-1 and type-2 diabetes patients. The American Diabetes Association and Chinese guidelines for diabetes self-management recommend SMBG as an important tool in diabetes self-management. In the present study, 42.3%, 47.5%, 43.3%, and 49.3% of patients in group A, B, C, and D, respectively, owned a glucometer, and the frequency of SMBG in these groups was 5.3, 5.8, 5.0, and 5.3 times/month, respectively. After six months of follow-up, the percentage of patients who owned a glucometer in each of the four groups increased to 59.3%, 71.8%, 61.8%, and 74.8%, respectively, and the average frequency of SMBG increased to 5.5, 6.6, 6.5, and 7.5 times/month, respectively. Nonetheless, both factors were at a markedly low level. In China, glucometers and glucose test strips are not included in the medical insurance system, which may be the reason for the low level of SMBG in this population. This suggests that it is necessary to enhance the education of patients and improve national medical system policies as a way to encourage patients to conduct SMBG. Such measures would also help in insulin dose adjustment and increase compliance to target HbA1C levels.
To the best of our knowledge, this study is the first to evaluate the present situation of insulin titration in real-world clinical settings in China. More importantly, this is the first study that employed a large sample size comparing different insulin adjustments and investigate the factors that affect insulin adjustment in real-world settings. In this large observational study, patients with self-adjustment of insulin dose, physician-led insulin dose adjustment, and combined physician and patientled adjustment experienced a reduction in their HbA1C levels. The HbA1C achievement rate was similar across the three groups (groups B, C, and D), with a considerably low incidence of severe hyperglycaemia events. Physician-led insulin dose adjustment accounted for 40-50% of the overall dose adjustment. However, self-led adjustment was associated with fewer clinic visits and lower costs. The effectiveness and safety of long-acting insulin over basal insulin therapy have been confirmed through a large number of randomised, controlled clinical studies. In the present study, the rate of hyperglycaemia events was similar and low in all four groups, suggesting that patients initiating basal insulin therapy can be encouraged to adjust their insulin dose on their own.
The present study has some limitations. First, this was an observational study, and the patient's treatment and follow-up were based on the physician's decision and the patient's willingness, which differs from the design of a randomised, controlled clinical study. Second, because the enrolled patients did not fully complete the required visits, no visits for laboratory tests were conducted, and patient data were only collected from patient information forms, there is a possibility of bias. In addition, some data were self-reported by patients, such as the frequency of hypoglycaemia and SMBG, which may not be accurate. Despite these limitations, the large sample size of the study is highly representative of the dose adjustment patterns in real-life clinical practice, with a preliminary exploration of factors that affect insulin treatment.
Conclusions
The present study is the largest in China to evaluate the factors that impact type 2 patients insulin dose adjustment while initiating basal insulin treatment in real-world clinical settings. It may help to find some problems and barriers in the initiation and titration of basal insulin. High HbA1C level, SMBG, long disease duration, microvascular complications, and the encouragement of physicians prompt patients to perform dose adjustments.
Implications/relevance for diabetes educators
Our study shows that encouragement from physicians is positively related with insulin self-adjustment. The findings suggest that when a patient starts to use insulin treatment, encouragement from physician is a key factor to seek insulin adjustment. Therefore, in real-world clinical settings, diabetes educators should encourage patients to adjust their insulin dose on their own. This is helpful for patients to achieve better glucose control.
